Power lines represent an important and increasing worldwide cause of avian mortality due to collisions involving flying birds. One positive and very important fact is that only some parts of potentially dangerous lines are responsible for the majority of killed birds. These sections need to be identified and treated with proper mitigation measures. In this article we present a speciallyprepared methodology aimed at classifying power lines according to the risk they present. The identification of power lines with the highest risk of possible bird collision requires easilyaccessed biological, technical and landscape information. In addition to analyses of these main inputs, our methodology also evaluates the influence of power line orientation relative to the important migration routes of birds, the effect of nearby tree growth higher than the evaluated power lines, and the complexity of landscape relief. Based on these three additional inputs, it is possible to produce a digitalized map showing with one meter accuracy the location of power line sections with the high/middle/low mortality risk due to collision for any existing or newlyplanned grid. Sections with highest risk should be considered as priority for the implementation of mitigation measures including e.g. installation of bird flight diverters. Our methodology was prepared for 22 kV and 110 kV distribution power lines in Slovakia. It is flexible enough to be applied equally to any geographic conditions and/or bird community, different voltage levels and construction designs of power lines. Our methodology can be applied by ornithologists, nature conservancy organization and power line system operators to implement environmental and costeffective mitigation measures.
Introduction
Birds have to adapt themselves constantly to anthropogenic changes in the countryside. These happen too quickly, however, for adequate genetic adaptation to develop in the bird population. Not only do people transform their natural environment in radical ways, they also put up many kinds of artificial barriers in the land such as electric power lines. The growing numbers of observed interactions between birds and power lines is linked with the worldwide increase in extent of such lines, which was estimated in 2010 at more than 65 million kilometers of transmission and distribution lines . Collisions with power lines are a studied and confirmed cause of bird mortality in many countries of the world (Alonso & Alonso 1999 , Rubolini et al. 2005 , Derouaux et al. 2012 , Gális et al. 2016 , Bernardino et al. 2018 and may have fundamental negative impact on endangered and reduced populations on the local level (Crowder 2000 , Drewitt & Langston 2008 , Raab et al. 2012 . It is possible to observe collisions most frequently in areas where the power lines cross the hunting and nesting biotopes used by large bird populations (Andriushchenko & Popenko 2012) . Even if the power lines are just in the vicinity of those areas, there is still high probability of numerous collisions (Erickson et al. 2005) , especially near places used for taking off and landing (Heck 2007 , Quinn et al. 2011 . A particular problem arises when there are frequent movements of large flocks between their hunting and nesting biotopes, or if the power lines pass perpendicularly across the birds' main migration routes (Crowder 2000 , Shobrak 2012 .
In order to apply effective protection measures, it is necessary to know to what degree a certain power line is "problematic" for birds. It is important to precisely establish the extent to which the protection measures need to be applied, so that only the sections of power line representing the greatest risk are targeted, i.e. where the probability of bird mortality is highest.
According to current scientific knowledge and published studies, the principal causes making up the set determining the degree of risk are divided into three categories (Bernardino et al. 2018) . These consist of the environmental conditions of the site, the morphology/ ecology of the bird species and the technical parameters of the power line. The individual factors are closely interlinked, and they participate together with various weightings in the resulting degree of risk associated with collisions.
From the biological point of view the group most susceptible to collisions and therefore at greatest risk are the large, heavy bird species (Janss 2000 , Janss & Ferrer 2000 , Rubolini et al. 2005 , APLIC 2012 , Barrientos et al. 2012 ) and certain specific orders of birds, e.g. Anseriformes,
Ciconiiformes, Gaviiformes and Pelecaniformes (Bevanger 1998) , defined according to their morphological parameters (e.g. weight, wing size/ area, manner/type of flight). The species which tend to group together into large flocks are also included here, as they are associated with higher probability of collision (APLIC 1994 , Drewitt & Langston 2008 , APLIC 2012 .
The environmental conditions of the site influencing the resulting degree of risk of collision are above all the character and composition of the landscape. Open, flat land with low vegetation enables birds to fly low and close to the terrain, seeking out sources of food and resting places. As a result, they may tend to have reduced levels of concentration on potential obstacles such as electric power lines. Birds have a general tendency to look downwards, and thus for certain species the space ahead of them becomes a socalled blind zone (Martin & Shaw 2010 , Martin 2011 . Tall tree growth in the vicinity of power lines may alert such birds to the potential obstacle, but only if the trees reach up above the highest part of the power line (Bevanger & Brøseth 2004 , APLIC 2012 . The principal technical parameters affecting the degree of risk represented by a power line are the thickness of the cables, the height of the line and the number of parallel lines. Higher lines increase the risk of collision (APLIC 1994 , Haas et al. 2005 . Not only do the birds have to overcome a higher barrier, but relatively often they then collide with the earth wire which is present at the top of highertension distribution and transmission lines to protect them from lightning strikes, and at the same time is much thinner than the live cables. This is connected with the fact that birds try to avoid power lines primarily by flying over them (Murphy et al. 2009 ), so they react to the visibly thicker live cables but then fly into the practically "invisible" earth wire above them. Denser networks of parallel power lines are more visible to birds, so they manage to react to the obstacle earlier (Bevanger 1994 , Crowder 2000 , Drewitt & Langston 2008 , and they can usually fly over sets of parallel lines with a single soar.
In identifying the causes of collisions and establishing the degree of risk represented by power lines, it is important to start out from the abovementioned catego-ries of factors. They should be applied as input variables in any method of assessing the degree of risk in power lines with regard to collisions. Various categorizations of power lines into groups with similar degrees of risk and designations of priority areas can be found in a range of foreign studies, for example from Belgium (Derouaux et al. 2012) , Portugal (Silva et al. 2014), Portugal and Spain (D'Amico et al. 2019) , the USA (Heck 2007 , Quinn et al. 2011 or South Africa .
We set out from the same categories of input variables in our methodology too, which was developed as part of the LIFE Energy project. It was based on a systematic approach to resolving the problems of bird collisions with power lines, involving proposals of suitable ways of identifying and eliminating this kind of risk in 13 Special Protection Areas (SPAs) in Slovakia. This methodology was developed for the purposes of primary identification of risky sections of power lines, so that the protection measures subsequently applied could be focused solely on those sections representing the greatest risk where there is a high probability of bird collisions. In addition to the basic procedures as used in other methodologies (i.e. identifying relative locations of power lines vs. sites with concentrated bird population vs. migration routes, for instance), in the methodology presented here we also calculate in the influence of power line orientation relative to the presumed prevailing direction of bird movement, the influence of the slope of the terrain, and the influence of tree growth present near the power lines. These three additionally assessed input variables have the effect of significantly reducing the resulting length of line sections which are evaluated as risky, since the real degree of risk is reduced or even eliminated by them. In creating our methodology we made use of the available foreign literature, especially the documents APLIC (1994) and APLIC (2012). The presented methodology also reflects the current state of knowledge and experience among members of the project team from Raptor Protection of Slovakia with regard to issues of bird collisions with power lines in this country, acquired during monitoring of 22 kV and 110 kV distribution lines in the period 12/2014 to 02/2016, and also makes use of insights derived from previous practice going back to 2010. An evaluation of risk levels on 6,235 km of 22 kV and 110 kV power lines within Slovakia was presented in the work by Šmídt et al. (2017) . According to that methodology it is possible to divide lines into three categories of degree of risk and need for application of suitable protection mea-sures. Apart from its application on existing lines, it is also possible to apply this methodology to the identification of potential risky sections during the design phase for new distribution and transmission lines. On the basis of these recommendations it is possible to change the routing of lines, or plan in advance for the measures required and include the financial costs incurred into the project documentation.
This assessment methodology was developed for the bird species and types of power lines present in Slovakia. It is flexible enough however to be potentially adapted for other geographical conditions, or for different ornithocenoses and other power line tension ratings and construction designs. In this article we present only the methodology of the assessment procedure, and we do not deal with the correlation of bird mortality recorded during monitoring with the evaluated sections of lines with low, medium and high degrees of risk.
Material and methods
The procedure itself of categorizing degrees of risk on power lines is composed of several interlinked logical steps. These involve identifying the ornithofauna, the type and composition of the landscape structure, and the technical parameters of the power line in the area in question.
The most suitable tool for assessing power line risk levels in our view is a digital model of the particular area being studied created in the geographical information system (GIS) environment. This digital model consists of individual geographical digital sources, either vector or raster layers.
The input data are made up of the following sources: • an orthophotomap of the assessed area* (in the visible spectrum); ideally we work with at least two orthophotomaps of the assessed area taken at different times (at least one year apart), and a standard 1:10,000 scale map may be of supplementary assistance, • a satellite image in the infrared spectrum, • a layer or point array* of key sites where regular concentrations of the indicated bird species occur (this applies only when such sites exist in the assessed area), • a flood map of the area*; it is also possible to use a geological map (floodplains) or a digital relief * Obligatory sources without which the model would be incom plete; if any of the sources are not available, a relevant alternat ive must be obtained.
model, or floodplains may be identified from the contours on the standard 1:10,000 scale map, • a map of the geomorphological composition of the area*, • a relief map showing slope distribution*; alternatively a digital relief model or a map showing valuations of agriecological units (BPEJ). If the latter is used, the slope in the relief is given in each BPEJ code, namely in the fifth digit of the seven place code, • a layer of vegetation features reaching higher than the power line in question: this may be created based on the orthophotomap supplemented with data from practical investigation of the terrain; for wooded areas in particular it is possible to use a map showing tree cover, • a layer of power lines*; this layer must contain data on the tension rating of the line, the number of horizontal cablebearing crossbars, and cable thickness.
Calculation of power line risk level
For assessing the degree of risk on a section of power line with regard to bird collisions, we applied the following equation:
where: R = degree of risk of bird collision on the section of power line, K = criterion of "key site", quantifying the attractivity of the locality for birds, L = criterion of "landscape elements", quantifying their influence on the degree of risk, P = criterion of "power line", quantifying the influence of power line features on the degree of risk.
The calculated values for criterion K range from 0-100, and are subsequently confirmed or reduced by the values for criterion L (0-1) and criterion P (0-1).
The result of this assessment is that sections of power line can be categorized on three levels based on the R values reached ( Fig. 1 
): • values between 75-100 indicate sections with high risk of collision, • values between 50-75 indicate sections with medium risk of collision, • values between 0-50 indicate sections with low/negligible risk of collision.
Assessment is done based on the overlap of power lines with buffer zones. For 22 kV lines the buffer zones are set at distances of 80 m, 160 m and 240 m, and for 110 kV they are set at distances depending on the vicin-ity of key or potential key sites. In this way it is possible to determine precisely (with onemetre accuracy in the GIS environment) the extent of influence of a power line. and its weight depends on the real or potential numbers of birds. For each power line section assessed the higher of the two subcriterion values K 1 and K 2 is used.
The factors in the two subcriteria are quantified in such a way that the values of criterion K for any given power line section (or for any given point in the landscape) range between 0 and 100. K n o w n k e y s i t e s ( K 1 ) An evaluation of the current known status of populations of indicated bird species at key sites in the relevant vicinity of a power line (for 22 kV lines up to a distance of 240 m from the edge of the site, and for 110 kV lines up to a distance of 600 m from the edge of the site). We consider a site as key when a concentration of a large number of birds from a susceptible (indicated) species occurs there, i.e. it is that species' regular (annual) nesting, roosting or gathering site, a place for resting or gathering food. We consider a bird species as susceptible (indicated) when individuals are relatively often killed as a result of colliding with power lines, i.e. their cadavers indicate relatively higher frequency of collision on specific sections of power line. With regard to possible differentiation in the species' composition and the occurrence of similar species in other regions, it is necessary also to take into account data on related species which may appear to be susceptible (indicated) in other regions as well. This mainly concerns taxonomic groups selected in line with the categorization according to Bevanger (1998) , e.g. Anseriformes, Ciconiiformes, Gaviiformes, Gruiiformes and Pelecaniformes. These are orders comprising species of large, heavy birds with a high ratio of body weight to wing area and limited manoeuvrability (Janss 2000) , as well as species which tend to congregate in large flocks (APLIC 2012) and have poor periferal vision (Martin 2011) .
Based on the categorization of species according to their morphological and behavioural parameters indicating higher risk of collision, and also on our previous observations in the field, it was possible to specify the following species as susceptible (indicated) in the conditions of Slovakia: mute swan Cygnus olor, grey heron Ardea cinerea, blackcrowned night heron Nycticorax nycticorax, great egret Ardea alba and mallard Anas platyrhynchos.
The value of subcriterion K 1 is calculated using the equation:
where: K 1 = subcriterion of known key site, quantifying the real (current) attractivity level for birds, k 1a = factor of size of population of indicated bird species, k 1b = factor of power line distance from the key site.
The real attractivity level of the site is indicated by the size of population of the indicated bird species (Tab. 1) regularly making use of the particular site. Factor k 1a expresses the real attractivity level of the site and of individual buffer zones in the vicinity affected by factor k 1b (Tabs. 2 and 3) for the indicated species (i.e. distances up to 80, 160 and 240 m from the edge of the site for 22 kV lines up to 200, 400 and 600 m from the edge of the site for 110 kV lines), whereby the combined total of numbers in their local populations is applied.
Factor k 1b reflects the assumption that the degree of risk of bird collision with power lines is reduced with increasing distance from the key site. As a result of the dispersal of birds in various directions from the site, with increasing distance there is most likely a drop in frequency of their occurrence at any given point. At the same time with increasing distance the flying height of the individual above the ground also increases, and so similarly with increasing distance the probability of hitting a power line is reduced. If we presume the same angle of climb for individuals from the site, then the higher 110 kV lines represent greater probability of collision at the same distance compared with the lower 22 kV lines.
P o t e n t i a l k e y s i t e s ( K 2 ) These are defined as sites which are potentially attractive for an indicated species, where concentrations of large numbers of individuals of that species may be expected in the future, for example after floods or a change in the ecological conditions in a geographically close key site. The value of subcriterion K 2 is calculated using the equation:
where: K 2 = subcriterion of potential key site, quantifying the site's potential attractivity level for birds, k 2a = factor of character of the potential key site, k 2b = factor of power line distance from the potential key site, k 2c = geographical factor accounting for differing quality of biotopes and migration routes of birds in a wider context.
The factor of character of a potential key site k 2a quantifies the otherwise qualitative characteristics of particular landscape features with values ranging from 25 to 50 (Tab. 4). In this case the feature is a flood area, either the floodplain of a river/stream or some wetlands, a water body, marsh, water course including oxbow lakes, or an occasionally flooded depression in the terrain. The selection of these features is based on our local (regional) knowledge and the availability of data on numbers of birds in the given region. This means that in decisionmaking on taking a specific landscape element into account, it is not just the size of that element or the width of the watercourse which is important, but also the species composition and size of the bird population in the region. We do not take into consideration landscape elements in a region which do not have the potential to concentrate more than twenty individuals of an indicated species. The selection may be based on the results of ornothological census.
Identification of potential key sites is one of the more timeconsuming operations in the assessment process. Water bodies and marshes can be found on standard 1:10,000 scale maps, but these do not enable identification of occasionally flooded depressions in arable or grass land. These have to be found using orthophotomaps from at least two different time periods, which can then be compared. Should the source maps not be up to date, we recommend combining the available graphic material with physical investigation of such sites. Factor k 2b is similar to factor k 1b in that it also expresses the declining level of risk of collisions with power lines as the distance from the potential key site increases. Values of factor k 2b are given in tables 2 and 3 together with those for factor k 1b .
Factor k 2c is a geographical factor taking into account the differing quality of biotops and landscapes as well as the migratory routes of birds. Values for factor Tab. 3. Values of factor k 1b (k 2b ) for 110 kV lines. Tab. 3. Hodnoty faktora k 1b (k 2b ) pre 110 kV vedenia.
character of the landscape element / charakter krajinného prvku value of factor k 2a / hodnota faktora k 2a water body / vodná plocha 50 watercourse or oxbow lake / vodný tok, napájadlo 50 marsh / mokraď 50 flooded depression in terrain / zaplavená poľná depresia 50 area liable to flooding / záplavové územie 25
Tab. 4. Values of factor k 2a for landscape elements which may be potential key sites. Tab. 4. Hodnoty faktora k 2a pre krajinné prvky, ktoré môžu byť potenciálnou významnou lokalitou. k 2c may range from 1.2 in geomorphological areas which are unsuitable for the indicated species (e.g. highlands) and 1.8 for basins and hill ranges up to the highest value 2.0 in geomorphological areas (lowlands) with optimal biotopes for the indicated species. We can use the territory of the Slovak Republic as an example, which can be differentiated into five categories and for each one the value of factor k 2c can be assigned. The resulting topographical map is shown in Fig. 2 .
In the GIS environment all the key and potential key sites have zones (buffers) created around them reaching the distances shown in Tab. 2 and Tab. 3 for the assessment of 22 kV and 110 kV power lines. The values of factors k 2a and k 2b are determined for the individual buffer zones in the sense that the factor values decrease for the zones which are further away from the site. For the key and potential key sites themselves the factor value is set at 1.0. To save work, for the purposes of vectorizing (creating digital maps) it is possible to ignore sites further than 240 m from assessed sections of 22 kV lines and sites further than 600 m from assessed sections of 110 kV lines. The reason is that the digital model does not show concentrations of birds at more distant sites as incurring any risk of collision with power lines which are sufficiently far away. L a n d s c a p e a n d l a n d s c a p e e l em e n t s ( c r i t e r i o n L -l a n ds c a p e ) The value of criterion L is calculated as the product of two landscape factors which we monitor in assessing the degree of risk on sections of power line:
L = l 1 × l 2
where: L = criterion of landscape elements, quantifying the influence of such elements on the power line risk level, l 1 = factor of slope in relief, l 2 = factor of proximity of tall tree growth.
Values of criterion L range between 0 and 1. S l o p e i n r e l i e f The basis for obtaining data on slopes in relief may be a digital relief model, or a relief map showing slopes in degrees may be produced in the GIS raster environment.
In both cases slopes are divided into three classes 0 to 3°, 3 to 7° and more than 7°, and the corresponding value of factor l1 is taken from Tab. 5. slope in relief / sklon reliéfu value of factor l 1 / hodnota faktora l 1 0-3°1.0 3-7°0.3 > 7°0.0 Tab. 5. Values of factor l 1 for increasing slopes in relief. Tab. 5. Hodnoty faktora l 1 v závislosti od sklonu reliéfu. V e g e t a t i o n i n p r o x i m i t y o f p o w e r l i n e s As in the case of identifying potential key sites using orthophotomaps, finding vegetation features taller than the nearest power line can also be quite timeconsuming. This can also be done by reading from orthophotomaps. The height of tree growth in particular can be estimated based on the structure and length of shadow of vegetation features studied on the orthophotomap, or it can be determined directly by means of personal field study. It is not possible to automate the identification of such elements. Moreover, the orthophotomap may show trees which in reality have already been felled, so in any case it is advisable to carry out a physical inspection of the given site.
We consider it relevant to assess tree growth up to a maximum distance of 300 metres from any power line. The closer the tree growth is to a power line, the lower the potential risk of collisions for birds. The value of factor l 2 is calculated based on the distance from the power line and whether the tree growth is taller than the height of the line:
If l r > 300 m, then l 2 = 1.0 otherwise l 2 = l r /300
where: l 2 = factor of proximity of tall tree growth, l r = perpendicular distance of the assessed section of power line from the edge of the vegetation feature reaching higher than the top of the power line.
E l e c t r i c a l d i s t r i b u t i o n l i n e ( c r i t e r i o n P -P o w e r l i n e ) Criterion P is given by the characteristics of the power line itself. From the practical point of view it is convenient if grid company provides the risk assessor with a database (or GIS layer) containing the necessary attributes which form the basis for determining the values of the power line factors for individual sections of line.
Criterion P is calculated as the product of individual factors representing the key features of the power line in question, according to the formula:
where: P = criterion of the power line, quantifying the influence of power line characteristics on the degree of risk on the line, p 1 = factor of power line direction, p 2 = factor of cable thickness, p 3 = factor of number of cable levels, p 4 = factor of number of parallel power lines.
Values of criterion P range between 0 and 1. D i r e c t i o n o f p o w e r l i n e The orientation of a power line relative to a water course is one of the key factors increasing the degree of risk on the power line for local and migrating bird species. Power lines proceeding in parallel with a water course represent a distinctly lower risk than those crossing perpendicularly over it (Crowder 2000) . The input data for assessing the factor of power line direction are the azimuth of the main direction of the water course and a line vector layer of the power line. The power line is divided into sections from one change in direction to the next, or from one pylon point to the next. The value of factor p 1 is determined based on the angle of divergence of the power line from the water course as shown in Tab. 6.
T h i c k n e s s o f c a b l e s The cables on 22 kV power lines may be carried along in the form of aboveground cable bundles. Sections with this arrangement of cables are considered as problem free with regard to collisions due to their increased visibility, so the value of p 2 for this type is 0. Lines with uninsulated cables of standard thickness have a p 2 value of 1. Information about cable thickness should be contained in the attributes table of the database provided by the grid company. For 110 kV lines the factor of cable thickness is not assessed, as its value is automatically set at 1.
divergence between azimuths of power line and main water courses in the region / value of factor p 1 / odklon azimutov vedenia a veľkých tokov v regióne hodnota faktora p 1 75.01-90°1.00 15.01-75°0.95 > 15°0.90
Tab. 6. Values of factor p 1 depend on the angle of divergence between the azimuths of the assessed power line section and the prevailing direction of main water courses. Tab. 6. Hodnoty faktora p 1 v závislosti od uhla odklonu azimutov hodnoteného segmentu vedenia voči prevažujúcemu smeru veľkých vodných tokov.
number of cable levels on 22 kV line / value of factor p 3 / počet horizontálnych úrovní vodičov na vedení 22 kV hodnota faktora p 3 1 1.00 2 0.95 3 and more / a viac 0.90 N u m b e r o f h o r i z o n t a l l e v e l s o f c a b l e s Factor p 3 is determined based on the attributes of the vector layer supplied to the risk assessor by the grid company. The values of factor p 3 depend on the number of horizontal levels of cables on 22 kV lines as shown in Tab. 7. The greater the number of levels, the better the visibility of the line and the lower the potential risk of collision.
For 110 kV power lines the factor of number of cable levels is not assessed, as its value is automatically set at 1. N u m b e r o f p a r a l l e l p o w e r l i n e s The number of power lines running in parallel can be read from the map (or vector layer) of lines provided by the grid company. Values of factor p 4 depend on the number parallel power lines as shown in Tab. 8.
Power line sections with low risk of collisions, once the calculations are adjusted and verified, need no further attention paying to them. On the other hand, sections with high and medium risk of collisions on paper need to be attentively inspected in the field, critical sections targeted for finds of birds killed as a result of collisions, their causes analyzed, and measures for their elimination subsequently proposed. These may consist for example in the installation of flight diverter devices (Janss & Ferrer 1998 , Morkill & Anderson 1991 , Yee 2008 , Barrientos et al. 2011 , 2012 , Sporer et al. 2013 ), laying the power line cables in the ground (APLIC 2012 , Raab et al. 2012 , or proposing a change in the line's route through the countryside (Haas et al. 2005 , D'Amico et al. 2019 .
Discussion
Within the territory of the Slovak Republic alone we have records of almost 35,000 kilometres of transmission and distribution power lines. Not all of these pose a risk of bird collision however, and it not necessary to take measures against collisions along their whole length. For the electricity companies as well, it would be unrealistic from the technical, personnel and above all financial points of view to implement protective measures on such a scale.
One of the possibilities of identifying priority sections for fitting with protective devices lies in the application of the methodology presented above, which makes use of a digital model to apply in practice the available knowledge and key parameters which are put forward in specialist studies as the principal factors influencing the final degree of risk of bird collisions. This methodology also starts out from the data gathered by the LIFE Energy project team and from more than 15 years of experience with issues of bird collisions with power lines within Slovakia (Šmídt et al. 2017) .
This methodology was developed for 22 kV and 110 kV distribution lines. It was applied to a total of 6,235 km of power lines within the framework of the LIFE Energy project. After application of the methodology and based on the results of field research in the period 12/201-02/2016, flight diverter devices were initially installed on a total of 77 km of power line sections in the category of greatest degree of risk. Moreover almost 90% correlation was found between sections with high risk of collisions and numbers of outages involving power installations recorded by the grid companies.
The initial selection of socalled indicated species turned out to be very important. The selected species Cygnus olor, Ardea cinerea, Nycticorax nycticorax, Ardea alba and Anas platyrhynchos were more frequently killed, and new finds were made at the same sites just a few dozen or at most a few hundred metres apart. These finds both indicated and confirmed to us which sections of power line were risky in terms of bird collisions, because we came to expect higher frequency of collisions with nearby power lines wherever we found concentrated populations of these species in the countryside. The universality and possibility of setting the values of parameters in this methodology (especially the technical variables) enabled the same procedure of calculating the degree of risk of collision to be applied in the case of 400 kV transmission lines as well (data not shown). Through its use, sections of line with high probability of collisions were identified during the preparation phase of planning documentation. Based on our assessments, specific sections were identified and assigned for installation of flight diverter devices on the overland cables as compensation measures with regard to birdlife conservation. It is possible to find categorization of power lines into various degrees of risk in several foreign studies. They make use of more or less similar approaches, in the sense that they apply parameters quantifying the degree of risk for individual species in order to define those which attract higher risk of collision with power lines. They also apply a selection of criteria (morphological parameters) based on the work by Bevanger (1998) . Some of them also utilize factors based on the topography of the assessed area and the type of construction of the power lines. Subsequently these variables are vectorized using GIS tools and then visualized in map form with various scales of resulting degree of risk. The assessment in a Belgian study for example (Derouaux et al. 2012 ) sets out from the principle of identifying the priority species with regard to risk of collision, then key biotopes and migration routes. These data were subsequently filtered through power line layers and then a system of assigning scores was introduced based on expert evaluation. The output of this method applied in Belgium is a map of risk levels in the regions plotted with a colour gradient from green (areas with low risk of collisions) up to red (areas with most critical potential for collisions). In Spain, D'Amico et al. (2019) for example defined species at risk according to their morphological and behavioural parameters. Based on their distribution in the country a map of so called hot spots was created, where it was necessary to carry out measures against collisions. In our methodolo-gy we present a different principle according to which we first employ similar input variables, but then supplement them with information about the topography of the landscape and the type of power line construction, and on the basis of their interaction we are able to define not only hot spots, i.e. areas where it is necessary to implement measures against collisions, but also to distinguish precisely between sections and spans of power lines with differing degrees of risk. A similar principle of creating a precise model sorting power lines into categories of risk is also applied in the work by Heck (2007) in the USA. This author starts with an analysis and subsequent superimposing or weighting with parameters corresponding to the biotope composition and type of power line being assessed for risk. The development of any methodology to a certain extent necessarily reflects the particular geographical variety compared to other, even neighbouring countries. This is the result partly of differing species composition and topography and partly of differing structural versions of power lines. For instance the model created for the territory of Spain (D'Amico et al. 2019) was also tested in the conditions of Portugal, whereupon it revealed differences deriving from the partially different species composition and status of birdlife protection in that country as well as different density of the power line network there. In developing the methodology presented here we set out using the same basic procedures as applied in other methods(i.e. including factors such as mutual positioning of power lines, sites with concentrations of birds, or their migration routes), but we also calculate in the impacts of power line direction relative to the expected prevailing directions of bird movement, slope distribution in the terrain and the presence of tall tree growth. These additionally assessed inputs significantly shorten the resulting lengths of power lines sections which are ultimately assessed as representing some degree of risk, since the real degree of risk is restricted by factors of landscape (slope and vegetation) or the parameters of the power lines themselves.
With increasing worldwide expert knowledge of issues of bird collisions with distribution and transmission power lines, it is possible to improve the appropriacy of values of input variables and their weighting in the modelling process. Identification of risky power line sections and targeted application of available and effective measures (e.g. installation of diverting devices, or changes in power line routing and configuration) in the places with the highest degree of risk is a more effective way in terms of time, technology and financial cost of dealing with collisions of birds with power lines, not only on the existing electricity grid but also preventively with regard to newlyplanned routes. This is particularly important in the context of the constant growth in extent and density of the power grid in proximity to or passing directly through sites with prevalence of critically endangered species.
We have proposed a method enabling the identification of risky power line sections where there is the highest probability of bird collisions. This method may also be applied in areas with different geographical conditions wherever there is information available about key and potential key bird sites, their species composition and the power lines present in the assessed area. If this method is to be applied for the first time in a particular area, we recommend supplementing it with field observations, especially on sections of power line where a discrepancy appears between the results of categorization and recorded finds of bird mortality. This will help to identify cases of incorrectly evaluated factors, enabling them to be adjusted and the model to be tuned so as to reflect as accurately as possible the degree of risk posed to birds by power lines, and at the same time ensure the easy application of the model in practice.
